Abstract: Talar dome chondral and osteochondral lesions are a common cause of ankle pain and subjective instability. The goal of imaging these lesions is primarily their detection, demonstration of their position and extent, including status of the chondral surface, demonstration of any associated chondral delamination, assessment of the integrity of the subchondral plate, and assessment of the cancellous subchondral bone for bone marrow edema like signal, sclerosis, cystic change, and for the presence of an unstable osteochondral fragment. Although plain radiography, computerized tomography, and bone scan may be helpful in the detection and characterization of these lesions, magnetic resonance imaging is the only imaging modality that will provide a comprehensive assessment of all these issues. Technical aspects of plain radiography, computerized tomography, and magnetic resonance imaging are discussed, and imaging findings are presented.
HISTORICAL PERSPECTIVE
Chondral and osteochondral lesions in the ankle are a wellrecognized cause of persistent ankle pain and subjective instability after ankle injury. 1Y4 Clinically, there may be an overlap between a posttraumatic ankle joint synovitis, posttraumatic chondral and osteochondral injury, and extraarticular pathologies. Berndt and Harty 5 introduced a plain radiographic classification of talar dome osteochondral lesions. In the 1970s and 1980s, bone scan became widely used in the workup of suspected talar dome lesions. In the late 1980s computerized tomographic assessment of talar dome lesion became widespread 6 and magnetic resonance imaging (MRI) began to be applied to the imaging of the ankle.
The goal of imaging chondral and osteochondral lesions in the ankle is primarily their detection, demonstration of their position and extent, including status of the chondral surface, demonstration of any associated chondral delamination, assessment of the integrity of the subchondral plate, and assessment of the cancellous subchondral bone for bone marrow edema like signal, sclerosis, cystic change and for the presence of an unstable osteochondral fragment. Although plain radiography, computerized tomography (CT), and bone scan may be helpful in the detection and characterization of these lesions, MRI is the only imaging modality that will provide a comprehensive assessment of all these issues.
PLAIN RADIOGRAPHY Technical Aspects
Radiographs should be performed weight bearing in order to provide a more relevant assessment of alignment. In addition, joint space loss may be more conspicuous or even only be present on weight bearing. A routine ankle series should include antero-posterior (AP), lateral, and mortise views. Computerized radiography (CR) and digital radiography (DR) are gradually replacing film-screen radiography units. Computerized radiography and DR allow wider latitude in radiographic exposure, resulting in less repeat exposures and providing a better assessment of bone and soft tissues. Whereas previously it was common to see overexposed radiographs in which the soft tissues are ''blacked out,'' with CR and DR, this should no longer be the case. Computerized radiography and DR also offer improvements in patient throughput, not achievable with filmscreen systems. The digital image data from CR and DR is also readily transferred to picture archive and communication system.
Diagnostic Features
Plain radiography is of limited sensitivity in the demonstration of chondral and osteochondral pathology in the ankle. 7 In the setting of acute trauma, plain radiographs may demonstrate an acute osteochondral fracture (Fig. 1 ). In the chronic setting, central osteophyte formation may occur at the site of an overlying chondral defect (Fig. 2) . Plain radiographs may also demonstrate the development of subchondral cystic change in a chronic osteochondral lesion (Fig. 3) . In situ, unstable osteochondral fragments and displaced osteochondral loose bodies may also be demonstrable on plain radiography. Ankle joint osteoarthritis is an uncommon complication of an osteochondral lesion in the ankle. It is indicated at plain radiography by the presence of joint space loss and osteophyte formation.
COMPUTERIZED TOMOGRAPHY Technical Aspects
Modern multislice helical CT involves acquisition of a thin slice volume data set in the transverse plane that can be reconstructed in any plane and also reconstructed into 3-D images. Computerized tomography arthrography will provide detailed assessment of the chondral surfaces and may be used as an alternative means of assessment when MRI is contraindicated. 8 The disadvantage of CT arthrography compared with MRI lies in its invasive nature and its use of ionizing radiation. Computerized tomography single proton emission computerised tomography bone scans will demonstrate areas of increased osteoblastic activity associated with an osteochondral lesion. The greater anatomical detail provided by fusing the bone scan data with CT scan data allows more accurate localization of the ''hot spot.''
Diagnostic Features
In the acute setting, CT can provide an assessment for fractures in cases where plain radiographs are equivocal or demonstrate a complex fracture. In the setting of chronic osteochondral lesions, CT will demonstrate the presence of subchondral sclerosis and cystic change, central osteophytes and in situ and displaced ossific loose bodies. Computerized tomography is superior to MRI in demonstrating small cracks in the subchondral plate associated with cystic change which may allow propulsion of synovial fluid into the cyst. Computerized tomography will not demonstrate the chondral surfaces and will not demonstrate bone marrow edema. Therefore, in general, MRI is preferred over CT in the assessment of talar dome chondral and osteochondral lesions.
MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging provides a noninvasive assessment of the chondral surfaces, subchondral plate, subchondral bone, joint fluid, capsule, and ligaments. Magnetic resonance imaging is at present the best single imaging modality for assessment of ankle joint chondral and osteochondral lesions.
Technical Aspects

Field Strength
Magnetic resonance imaging units in clinical practice range in field strength from 0.3 to 3.0 Tesla. In general, low field strength MRI units (G0.5 Tesla) do not provide detailed articular cartilage assessment.
Pulse Sequences
The pulse sequences typically used in ankle MRI consist of proton density (PD) and fat-suppressed proton density sequences (PD-FS). 9, 10 The pulse sequences should have sufficient spatial and contrast resolution to provide detailed assessment of articular cartilage. Spatial resolution is a function of the slice thickness (usually 2.5Y4 mm), field of view (usually 10Y16 cm) image matrix (the number of data points in the image grid, expressed numerically in 2 axes) typically between 512 Â 384 and 256 Â 192.
The nonfat-suppressed PD sequence renders joint fluid bright and provides high-resolution images of articular cartilage, enabling assessment of the chondral surface, demonstrating chondral fissure/fracture and basal chondral delamination. 9, 11 Chondral fibrillation, commonly seen in patellar articular cartilage, is uncommon in the ankle. 12 Proton density sequencing also provides some assessment of the subchondral bone, in that low signal intensity change in the subchondral bone is indicative of subchondral sclerosis or fibrosis. Bone marrow edema is not demonstrable on a nonfat-suppressed PD sequence.
Fat suppression is achieved by the use of a radio frequency pulse that reduces the amount of signal derived from fat, rescaling the contrast characteristics of the pulse sequence to which it is applied. If applied to a PD sequence, areas of increased water content within bone marrow will be of higher signal (brighter) compared with reduced signal derived from fat within marrow. Fat-suppressed PD sequencing will demonstrate the chondral surfaces, the interface between articular cartilage and the subchondral plate and will also demonstrate subchondral bone marrow edema and cystic change. In the ankle, with some MRI systems, fat suppression can, on occasion, be somewhat inhomogeneous.When this occurs, it can be difficult to distinguish between bone marrow edema and an area of artefactual high signal related to inhomogeneous fat suppression. This is commonly seen in the medial malleolus. Short tau inversion recovery (STIR) sequencing represents an alternative method of suppressing fat signal and demonstrating bone marrow edema. STIR sequencing does not suffer from the inhomogeneity issues that are potentially seen with frequency selective fat suppression. The disadvantage of STIR sequencing is that it is intrinsically a lower signal to noise sequence compared with a fat suppression sequence, limiting the spatial resolution that can be achieved and thus limiting assessment of articular cartilage.
Occasionally, immature subchondral cystic change may not be frankly of fluid signal intensity and may be more conspicuous on a T1-weighted sequence. The disadvantage of T1 sequencing is that joint fluid is of similar signal intensity to articular cartilage and thus the chondral surfaces are not well demonstrated. 12 Fat-suppressed T1 gradient echo sequencing renders articular cartilage bright, joint fluid intermediate to low signal and marrow dark. It is not commonly used in clinical imaging but it can be used to calculate articular cartilage volumes and provide some assessment of the chondral surfaces.
13Y15
Recent developments in MRI assessment of articular cartilage include quantitative T2 mapping, T1Q mapping, diffusion imaging, and delayed gadolinium enhanced magnetic resonance imaging of cartilage. These techniques can provide some assessment of water and proteoglycan content and integrity of the collagen matrix in articular cartilage before the onset of macrostructural changes. 16Y19 These techniques remain largely a research tool not widely used in clinical practice.
Diagnostic Features
Normal Articular Cartilage
Normal articular cartilage in the ankle is of intermediate signal intensity on PD sequencing, becoming mildly hyperintense (bright) on fat-suppressed PD sequencing. The basal layer of articular cartilage is normally of low signal intensity on PD and fat-suppressed PD sequencing, related to the subchondral plate and zone of calcification. It is normal to see a low signal intensity line at the interface between 2 chondral surfaces that are in contact with each other (Fig. 3) . This should not be mistaken for a fibrous band or loose body.
Chondral Contusion, Fracture and Chondral Delamination/Flap
Experimental studies suggest that blunt trauma to articular cartilage produces profound changes in histologic, biochemical, and ultrastructural changes in the absence of surface disruption. 20, 21 Contusional chondral injury is rarely demonstrable with routine clinical MRI techniques. Newer MRI techniques including delayed gadolinium enhanced magnetic resonance imaging of cartilage, T2 mapping, T1Q, and diffusion imaging offer some promise in demonstrating these changes.
16Y19
Acute traumatic chondral fractures are relatively common 4 and can have a subtle appearance on MRI, often only appreciable with high-resolution imaging. 11 They are typically seen as a linear focus of high signal on PD or fat-suppressed PD sequencing at the medial or lateral margin of the talar dome on coronal sequencing, sagittal in orientation, breaching the chondral surface. 11 These may be associated basal chondral delamination, with resultant chondral flap. 4 The basal delamination manifests on MRI as a loss of the normal low signal at the basal layer of articular cartilage, related to delamination at the interface between the subchondral plate and the zone of calcification (Fig. 4) . The degree of signal hyperintensity can vary from mildly hyperintense to frankly that of fluid. If there is no displacement, chondral delamination lesions can be quite subtle. These lesions are rendered more conspicuous if there is an adjacent subchondral bone marrow edema (Fig. 5) . Occasionally, a chondral lesion may be seen without an adjacent subchondral bone marrow edema (Fig. 6) . Displaced chondral fragments are usually seen in the anterior or posterior recesses (Fig. 7) .
Acute Osteochondral Injury
Acute osteochondral injury in the ankle may range from contusional injury to the articular cartilage and subchondral bone, to a transchondral, transosseous fracture. Berndt and Harty 5 theorised that there are 4 stages to an acute impactional injury that produces a talar dome fracture. Contusional injury to the cancellous subchondral bone is manifested on MRI as a bone marrow edemalike signal on fatsuppressed PD or T2 sequencing and on STIR sequencing and was seen in 17% to 27% of patients after ankle sprains in two series.
23Y25 Bone marrow edema is usually evident within hours of injury and will generally persist for several months. Microfracture, hemorrhage, and edema have been seen as histologic correlates in areas of posttraumatic bone marrow edema in animal studies. 26, 27 This differs from the histologic findings seen in areas of subchondral bone marrow edema in osteoarthritis, where variable findings of trabecular remodeling, marrow necrosis, edema, and fibrosis and rarely, hemorrhage may be seen. 28 There are conflicting reports as to the prognostic significance of subchondral bone marrow edema after ankle injury. 23, 29, 30 Anecdotally, bone marrow edema after ankle sprains is associated with a slower recovery. 30 In the chronic setting, bone marrow edema is often interpreted as being a marker for activity of the osteochondral lesion. Anecdotally, there would appear to be a correlation between pain and bone marrow edema in talar dome lesions, however, there is little evidence to substantiate this clinical impression.
Transchondral, transosseous fractures are usually appreciable on MRI, however, the osseous component of the injury may be relatively inconspicuous on MRI, when compared with a CT scan. On PD sequencing, the fracture line is evident as focal disruption of trabecular architecture, with linear signal hyperintensity. Bone marrow edema is typically present at the fracture margins.
Subchondral Cystic Change
The outcome after an acute talar dome osteochondral impaction injury is variable. The chondral surface may remain intact and there may be resolution of the subchondral bone marrow edema, without complication. 31 However, the relatively poor, retrograde blood supply of the talar dome predisposes to incomplete healing and the development of focal areas of ischaemic/devascularized subchondral bone in which there may be resorption of subchondral trabeculae, replacement with fibrotic tissue, and subsequent formation of cystic change (Fig. 8) . In addition, if there is a crack in the chondral surface and subchondral plate, synovial fluid may be forced into the subchondral bone by virtue of a ball valve type effect (Fig. 9) . Cystic change almost invariably develops at sites of pre-existing bone marrow edema signal. 32 The cystic change associated with talar dome osteochondral lesions may vary from a predominately fibrotic to predominantly fluid content 12 (Figs. 9Y11) . Cystic change is usually readily appreciated on routine MRI sequencing. Sometimes cystic change can be a little more conspicuous on T1 sequencing. Magnetic resonance imaging is of limited use in demonstrating small cracks in the subchondral plate associated with cystic change which may allow propulsion of synovial fluid into the cyst. If this is suspected and clinically important, then CT may be helpful. Subchondral cystic change may become extremely large, presenting a challenge for surgical management (Fig. 9) . In one series, the presence of small areas of cystic change was not associated with a worse outcome after arthroscopic debridement, when compared with lesions without cystic change. 33 Progressive increase in cyst size was associated with poor clinical outcome in one series. 34 
Unstable Chronic Osteochondral Lesions and Chronic Osteochondral Defects
The destabilization of a talar dome osteochondral lesion may commence at the time of an acute osteochondral fracture or develop as a complication of a chronic osteochondral lesion (Figs. 12, 15 and 18 ). The MRI criteria for assessment of stability of an osteochondral lesion depend to some extent on the criteria used for arthroscopic assessment. There may be destabilization of the osseous interface of an osteochondral lesion in the setting of an intact overlying chondral surface (Fig. 13) . In this situation, the lesion may be ballotable at arthroscopy. Although this lesion may be interpreted at arthroscopy as being unstable, this picture differs from that of a destabilized osteochondral fragment with breach of the subchondral plate and the overlying articular cartilage. Magnetic resonance imaging has been demonstrated to accurately predict the stability of osteochondral lesions. 11, 22 The principal criterion for stability for diagnosis of instability of an osteochondral lesion is the presence of a line of high signal on PD or fat-suppressed PD sequencing breaching the chondral surface, subchondral plate and extending along the interface between the osteochondral fragment and the base of the osteochondral lesion. 11, 22, 35 It has been suggested that a high signal line may be present in the setting of reparative granulation tissue at the interface between an osteochondral lesion and the base of the potential osteochondral crater and that this is not necessarily a marker of instability if the overlying articular cartilage is intact. 35 A low signal intensity line at the interface of an osteochondral fragment is consistent with fibrotic tissue (Fig. 14) .
Displaced osteochondral fragments are usually readily identified on MRI. Fragments may be seen adjacent to the osteochondral defect, in the anterior or posterior recess, or within the syndesmotic recess (Fig. 16) .
Large osteochondral defects of the talar dome are associated with significant changes in the contact characteristics of the ankle joint that may result in increased loading of articular cartilage at the margins of the defect (Fig. 17) . 36 Talar dome osteochondral defects can be classified as constrained or unconstrained, depending on whether the defect extends to breach the subchondral plate at either the medial or lateral gutter articular facet of the talar dome (Figs. 18 and 19 ).
